ABSTRACT The squash bug, Anasa tristis (De Geer), is a major indigenous pest of Cucurbita species across the United States and a vector of cucurbit yellow vine disease. The seasonal phenology of the squash bug in central Kentucky and its natural enemies were studied using summer squash planted sequentially throughout the 2005 and 2006 growing seasons. The squash bug was Þrst detected on 5 June 2005 and 3 June 2006. In both years, peak numbers of all squash bug stages occurred in July and August. Our Þeld data, substantiated by published degree-day models for squash bug development, suggest one complete and a partial second generation of squash bugs in 2005 and one complete generation of squash bugs in 2006. The most abundant ground-active predators in squash Þelds included Araneae, Carabidae, Staphylinidae, and Geocoridae. Coleomegilla maculata (De Geer) and Geocoris punctipes (Say) were the most abundant foliage-inhabiting predators. Direct Þeld observations of predators feeding on squash bugs or their eggs included G. punctipes, Pagasa fusca (Stein), and Nabis sp. The parasitoids Trichopoda pennipes (Fabricius) and Gyron pennsylvanicum (Ashmead) were found also. Squash bug egg masses were monitored to determine predation and parasitism rates in the Þeld. In four studies during 2005 and 2006, predation rates were low (7% or less), and parasitism ranged from 0 to 31%. Overall, squash bug egg mortality increased as the season progressed.
The squash bug, Anasa tristis (De Geer), is a signiÞ-cant pest of squash and other Cucurbitaceae across the United States (Britton 1919 , Wadley 1920 , Beard 1940 , Nechols 1987 , Neal 1993 . In addition to causing severe plant damage (Britton 1919 , Eichmann 1945 , squash bugs can transmit a bacterial pathogen (cucurbit yellow vine disease), greatly increasing its pest status in commercial squash Þelds (Bruton et al. 2003 , Pair et al. 2004 ). The number of generations per year and timing of emergence of overwintering squash bugs in the spring have been studied in Massachusetts, Connecticut, Washington, Kansas, and Oklahoma (Worthley 1923 , Beard 1935 , Eichmann 1945 , Nechols 1987 ). However, similar information is lacking for Kentucky and nearby states. Understanding the squash bugÕs spring emergence, development, and seasonal abundance is important to the development of effective management tactics.
The natural enemy complex of the squash bug includes a bacterium (Dugger 1895) , a fungus (Chittenden 1899), a few insectivorous birds (Beard 1940) , toads (Conradi 1904 , Beard 1940 , various arthropod predators (Beard 1940 , Snyder and Wise 1999 , Harmon et al. 2003 , Rondon et al. 2003 , and parasitoids (Beard 1940 , Schell 1943 , Eichmann 1945 , Nechols et al. 1989 , Olson et al. 1996 , Pickett et al. 1996 . Natural enemies that may attack the squash bug in Kentucky are not well known. Knowledge of natural enemies present in commercially grown squash Þelds is needed to manipulate them for biological control.
The Þrst objective of this study was to determine when squash bugs emerge from overwintering sites and to determine the number and seasonal timing of its generations. Our second objective was to characterize the predator fauna associated with summer squash, determine parasitoids that attack squash bug eggs, nymphs, and adults, and determine whether predation and parasitism affect the survival of squash bug eggs.
Materials and Methods
We used the yellow straightneck squash Cucurbita pepo L. variety ÔSunrayÕ (Seedway, Elizabethtown, PA) in all studies. Three-week-old, greenhouse-grown transplants were set into raised beds that were covered by black plastic mulch and equipped for trickle irrigation. Commercial recommendations for fertilizers were followed (Bessin et al. 2004) . Weed management between the raised beds consisted of mowing throughout the season. Unless stated otherwise, all studies were done at the University of KentuckyÕs Horticulture Research Farm near Lexington, KY.
In both 2005 and 2006, the primary study squash Þeld for determining seasonal phenology consisted of 10 rows (two sets of 5 rows stacked end to end) with 10 plants per row. Spacing between rows was 1.8 m. The overall dimensions of the Þelds in 2005 and 2006 were 9 by 76 and 9 by 60 m, respectively, which included some unused space in both years. To have living squash plants constantly available to the squash bug from spring until autumn, it was necessary to periodically transplant young plants into the Þeld as earlier plantings aged. Therefore, at the Þrst planting, enough space (3 m) was left between plants in each row to allow room for three subsequent plantings between the initial plants. In both years, however, only two additional complete plantings were needed. In 2005, Þeld planting occurred on 19 May, 14 June, and 11 August; in 2006, Þeld-planting dates were 24 May, 28 June, and 10 August. After the August plantings in both years, individual plants in the last planting were replaced if they died. In the second and third plantings each season, a new plant was set in the row 0.76 m from each older plant. This was intended to reduce the distance the squash bugs nymphs and adults had to travel to move from older to younger plants. One to 2 wk after new transplants were set in the Þeld, the older plants were cut at the base and left in place to wither. This allowed time for the squash bugs on the older plants to move onto the new plantings by the time the new plantings were Þrst sampled (2Ð3 wk after transplanting and 1 wk after old plants were killed). Thus, 100 healthy squash plants were in the Þeld throughout the season.
Sampling and searching for natural enemies was done in the same Þeld as the seasonal phenology study for both years, as well as in two 9 by 15-m supplemental squash plots in 2006. One supplemental plot was located at the end of the primary study squash Þeld and the other was located at the University of KentuckyÕs North Farm near Lexington, KY. Forty squash plants were present in each supplemental plot throughout the growing season, with new plants replacing older plants in the same way as described above for the primary study Þeld. Row spacing and plant spacing in the supplemental plots were the same as in the primary study Þeld.
Sentinel Plants. Monitoring for squash bugs began on 25 April in 2005 and 24 April in 2006. Six sites were identiÞed on the University of KentuckyÕs Horticulture Research Farm as possible overwintering sites for squash bugs, representing hedgerows, dead trees, leaf litter, and nearby past squash plantings. Clusters of three container-grown plants (4 Ð 6 leaf stage) were used to attract squash bugs as they left overwintering sites. Tops of the plastic pots containing the sentinel plants were placed ßush with the soil surface; plants were placed Ϸ0.3 m apart in a triangular pattern at each site. Landscaping paper (1 by 1 m), covered by wood mulch, was used to prevent weed growth. Plants were replaced if they were damaged by frost or animals. These sentinel plants were monitored for the presence of squash bugs by whole plant searches every other day until squash bugs were found.
Arrival and Seasonal Abundance of the Squash Bug.
Monitoring for squash bug arrival in the primary study Þeld began the day after squash was transplanted and continued every other day until Þrst arrival was documented. In 2005, two plants per row were sampled for arrival of squash bugs; this was increased to four plants per row in 2006.
Thereafter, plants were sampled weekly throughout the growing season for squash bug numbers, stages, and instars. In 2005, two plants per row were sampled from 21 June through 12 July, and four plants per row were sampled from 19 July through 25 October. The number of plants sampled was increased because relatively low numbers were found during the early summer samples. In 2006, four plants per row were sampled from 6 June though 25 July, and two plants per row were sampled from 1 August through 10 October. The number of plants sampled was reduced in late summer because of time constraints. All adults and instars of the squash bug found on and beneath the plants were counted and recorded. At certain times during the summer, it is likely that overwintered adults were present simultaneously with adults of the subsequent generation, but we were not able to morphologically distinguish between adults of different generations. All plants sampled in each row were selected randomly with a random number generator. Plants immediately adjacent to pitfall traps (to be described in the next section) were not sampled. Only one plant per row was immediately adjacent to a pitfall trap and if that plant was randomly selected, it was ignored and another plant was randomly chosen.
Pitfall Trap Sampling. Pitfall traps were placed at the bases of selected squash plants with the top of the trap level with the soil, which was lower than the plastic mulch. The traps consisted of two nested clear 295-ml plastic cups. A rain cover consisted of two 23-cm-diameter plastic dessert plates fused together, one on top of the other, and held Ϸ3 cm above the cup by wire that anchored the cover in the soil. Ten traps were placed in the Þeld, one trap adjacent to a randomly selected plant in each row. Traps followed the progression of planting dates of the squash plants, so the Þrst 10 pitfall traps were placed under squash plants in the Þrst planting. For subsequent plantings, the plants to be adjacent to pitfall traps were selected at the time of transplanting, and the outer plastic cup was placed at the base of the plant at transplanting to minimize root damage. Traps in the new planting were covered until the old planting was killed, at which time the new traps were opened and old traps were removed from the Þeld. Pitfall traps were half Þlled with an equal mixture of ethylene glycol and 70% ethanol and were emptied once a week from 24 May through 1 November 2005 and 30 May through 17 October 2006. Contents were collected and stored for identiÞcation to the lowest taxonomic level as deemed appropriate for the arthropod.
Whole Plant Searches and Observations of Predation Events. Whole plant searches were conducted to identify and count potential predators of the squash bug that occur on the plant foliage and might not be caught in pitfall traps. Randomly selected plants were inspected and all predators were identiÞed to the lowest taxonomic level considered appropriate. If Þeld identiÞcation was not possible, the individual was collected and identiÞed in the laboratory. Plants were searched at three time intervals, 1000 Ð1300, 1500 Ð 1800, and 2100 Ð2400 hours EDT, on a given day to ensure that predators only active for a certain part of the day or night were sampled. Different plants were selected for each time interval. Sampling occurred in 2005 on 22 July with three randomly selected plants for each time interval. In 2006, sampling occurred on 19 June, 2 August, and 14 September, with Þve randomly selected plants for each time interval. Additionally, during these searches and all sampling for squash bugs, any observed predation events in the Þeld were recorded.
Rearing of Parasitoids. To collect and identify parasitoids of the squash bug in 2005, large nymphs and adults were collected at the aforementioned North Farm and Horticultural Research Farm from squash plantings not associated with our study. In 2006, squash bugs were collected from the supplemental squash plots described earlier. Because of the limited number of egg masses found in the Þeld, only those used in the predation and parasitism study described below were collected and held to discover egg parasitoids. Twenty-Þve adult squash bugs were collected on 29 September 2005 to monitor tachinid parasitism. In 2006, 38 adults and 29 fourth and Þfth instars were collected on 25 July, and 30 adults were collected on 12 September. All were held in 1.4-liter clear plastic containers with screened lids in environmental control chambers with a photoperiod of 16:8 (L:D) h at 26ЊC. Summer squash fruit was provided and refreshed as needed. Parasitism was determined by the presence of a tachinid pupa corresponding with a dead squash bug or the presence of tachinid eggs on a bug cadaver. Tachinid pupae were held for adult emergence and identiÞcation.
Egg Mass Predation and Parasitism. When at least 11 egg masses were found in the primary study Þeld, a study of egg parasitism and predation began in that Þeld. Plants containing naturally oviposited egg masses were marked by placing a ßag next to the plant and dotting the upper surface of the leaf with colored Þngernail polish if the egg mass was on the underside of the leaf. If the egg mass was on upper side of the leaf, Þnger nail polish was dotted on the leaf surface a few centimeters away. Nail polish was not placed directly opposite the egg mass or immediately adjacent to it because of its phytotoxic effect. Selected egg masses were monitored daily for a week, and they were brought into the laboratory to rear out parasitoids or squash bug nymphs. This study was conducted four times. Fourteen egg masses were marked on 27 July and 11 on 7 September 2005; in 2006, 20 egg masses were marked on 21 June and 20 on 12 July. Egg masses were classiÞed as (1) hatched, in which a squash bug emerged; (2) missing, in which eggs were entirely gone from the surface of the leaf while in the squash Þeld; (3) mortality unknown, in which eggs did not hatch, yet they showed no sign of predation or parasitism; (4) mortality by predator, in which the eggs appeared shrunken or collapsed or egg chorion was torn; or (5) mortality by parasitoid, in which a parasitoid either emerged or was found on dissection of the egg. Squash Bug Generations and Seasonal Timing. In 2005, egg masses were Þrst seen in the Þeld on 5 July, with the greatest numbers of egg masses found on 9 August (Fig. 1) . First instars were Þrst found on 26 July with numbers peaking on 9 August. Second and third instars were Þrst detected on 19 July with a peak in both of their numbers on 9 August. Both fourth and Þfth instars were detected Þrst on 9 August; numbers of fourth and Þfth instars peaked on 9 and 23 August, respectively. Adult squash bugs numbers peaked on 23 August (Fig. 1) . In 2006, egg masses were Þrst seen in the Þeld on 20 June, with numbers peaking on 25 July (Fig. 1) . First and second instars were Þrst seen on 27 June, with peak numbers on 11 July for Þrst instars and 1 August for second instars. Third instars were Þrst found in the Þeld on 4 July, with peak numbers on 8 August. Fourth and Þfth instars were detected on 11 July, with peak numbers of fourth instars on 25 July and Þfth instars on 15 August. Adult squash bug numbers peaked on 8 August (Fig. 1) . Also, in both years, there seemed to be small increases in numbers of several stages and instars late in the season, primarily in September (Fig. 1) .
Results

Emergence of Squash
Pitfall Trap Sampling. Pitfall traps were run continuously from May until October (2006) or November (2005) . Only specimens of the most abundant predatory or partially predatory taxa are considered here. Data are combined for taxa in which immature and adult stages were present in the pitfall traps. Araneae were the most frequently caught predators in pitfall traps during both years (Fig. 2) . In 2006, these spiders were identiÞed to family; Lycosidae (76%) and Linyphiidae (23%) were the most abundant. The most common hemipteran predators in pitfall samples for 2005 and 2006 were Geocoris punctipes (Say) and Geocoris uliginosus (Say) (Fig. 3) . The two most frequently caught coleopteran predators were Carabidae and Staphylinidae (Fig. 4) . Carabidae adults and lar-vae were represented in the pitfall traps, whereas only adult Staphylinidae were caught. Carabidae were present all season with greatest numbers during the autumn for both years. Staphylinidae were present throughout the growing season, with greater numbers caught during the summer of 2005 (Fig. 4) .
Another insect family associated with predation and found in the pitfall traps in 2005 and 2006 was Formicidae. Because ants have such a wide range of dietary habits, subsets of pitfall samples were selected for both 2005 and 2006 to represent different periods during the growing season; ants in those samples were identiÞed to tribe or genus (Coovert 2005) . The selected subsets for each year consisted of 10 samples from each of Þve dates 4 wk apart. Formica and Tetramorium were most abundant across all dates represented in the pitfall trap samples in the subsets for both years. However, those genera are generally not considered predacious (Carrol and Janzen 1973 , DuBois and LaBerge 1988 , Coovert 2005 atory taxa averaged less than one per plant. Other predaceous taxa found during the whole plant searches included G. uliginosus, Anthocoridae, Araneae, Nabis sp., and Neuroptera. A few Tettigoniidae were observed, and these are known to sometimes feed on other arthropods. No predation events were observed during the whole plant searches for predators, but a few such events were observed during the course of our sampling of squash bug populations. pennipes adults were Þrst observed in squash Þelds on 13 July. On 25 July, 38 adult and 29 fourth-and Þfth-instar squash bugs were collected from the Þeld and held for parasitoid emergence. Five T. pennipes emerged from adults, and one T. pennipes emerged from a nymphal squash bug. Four additional adult squash bugs had tachinid eggs, presumably T. pennipes, glued to their bodies but died before parasitoid emergence. Including squash bug cadavers with tachinid eggs attached, 23.7% of the adult squash bugs and 3.4% of the fourth-and Þfth-instar squash bugs were parasitized by T. pennipes. Another set of 30 adult squash bugs was collected on 12 September 2006, with a total of nine T. pennipes emerging (one ßy per bug) for a total of 30.0% parasitism.
Based on eggs collected for the predation and parasitism study described below, the only egg parasitoid recovered in 2005 and 2006 was G. pennsylvanicum (Ashmead) (Hymenoptera: Scelionidae). The wasp was Þrst observed emerging from squash bug eggs in September of 2005. In 2006, the wasp was Þrst seen parasitizing eggs in the Þeld on 4 July.
Egg Mass Predation and Parasitism. The Þrst study in 2005 began on 27 July with a total of 14 egg masses and 271 eggs observed. Mean egg mass size was 19.4 Ϯ 1.3 (SE) eggs. All eggs hatched in 12 egg masses, whereas the remaining 2 had 92.9 and 34.8% eclosion. Of 271 eggs, only 2.6% were considered preyed on (Fig. 5a ). The second study in 2005 started on 7 September, and 11 egg masses and 152 eggs were observed with a mean egg mass size of 13.8 Ϯ 2.6 (SE) eggs. Five of those egg masses had 100% eclosion, whereas the other six ranged from 0 to 92.3%. For individual eggs, 7.2% were considered attacked by predators and 15.8% were parasitized (Fig. 5b) .
The Þrst study in 2006, beginning 21 June, had a total of 20 egg masses and 356 eggs, with a mean egg mass size of 17.8 Ϯ 1.7 (SE) eggs. Only eight egg masses had 100% eclosion, with the remaining 12 egg masses ranging from 0.0 to 97.3%. For individual eggs, only 2.2% were considered attacked by predators (Fig. 5c) . The second study of 2006 started 12 July, and 20 egg masses and 392 eggs were observed with a mean egg mass size of 19.6 Ϯ 1.9 (SE) eggs. Only 2 of the 20 egg masses had 100% eclosion, with the remaining egg masses ranging from 0.0 to 97.3% eclosion. For individual eggs, 2.6% were considered preyed on, and 31.4% were parasitized (Fig. 5d) . In both years, the wasp responsible for all of the egg parasitism was G. pennsylvanicum. No parasitoids were recovered before July in either year.
Discussion
Overwintered squash bugs Þrst became active in Kentucky in early June. In Kansas, similar to Kentucky in latitude and average temperatures, squash bugs emerged from overwintering sites on 27 May and 17 June in 2 different yr (Nechols 1987) . In Oklahoma, which is further south than Kentucky with warmer temperatures, squash bugs emerged on 17 April (Pair 1997) , 30 April, and 12 May . Eichmann (1945) reported that squash bugs in Washington emerged in the beginning of June, which is earlier than one might expect given that WashingtonÕs latitude is higher and its average annual temperatures are lower than those of Kentucky (www.ncdc.noaa.gov/oa/climate/online/ccd/nrmavg.txt). In all these cases, emergence from overwintering sites seems relatively late with respect to seasonal weather conditions and typical times of spring emergence for many other insect species. It is not known when the squash bugÕs diapause terminates or what factors control its termination, but research in this area could improve predictions of when overwintered squash bugs will arrive in cucurbit plantings.
To determine the number of generations per season of the squash bug in Kentucky, one needs to know the complete development time of one generation as well as when the critical photoperiod for reproductive diapause induction occurs in the Þeld. A complete generation would be the length of time it takes for a newly laid egg to hatch, for the nymphs to complete all Þve instars, and for adults to complete a preoviposition period. The preoviposition period is deÞned here as the time it takes for a newly emerged adult female to begin laying eggs. determined development times for squash bugs in the laboratory from eggs through adult emergence under various temperatures and proposed a degree-day model to Þt those conditions. We used Fargo and BonjourÕs model to provide a rough estimate of time to complete egg and nymphal development in the Þeld. The number of degree-days required to complete the preoviposition period was calculated by averaging the number of accumulated degree-days based on two laboratory studies Nechols 1993, Margolies et al. 1998) . We estimated that 56.2 centigrade degree-days (CDD) (base 15.6ЊC) are needed for the preoviposition period. If this is added to the 376.5 CDD derived from the study, the total generation time from egg stage of one generation to egg stage of the next generation would require 432.7 CDD (base 15.6ЊC) (Decker 2007) .
In addition to generation time, the other important consideration in determining the number of generations of squash bugs in the Þeld is the critical photoperiod for diapause induction, which is the photoperiod at which 50% of the adult squash bugs enter reproductive diapause. The critical photoperiod for the squash bug is between 14.5:9.5 (L:D) h and 14:10 (L:D) h (Nechols 1988) . Nechols (1988) found that this photoperiod (including civil twilight) was met in northern Kansas in late August (Nechols 1987 (Nechols , 1988 . In central Kentucky, a photoperiod of 14:10 (L:D) h is reached on 18 August. Using both the complete generation time and the critical photoperiod, we can deduce likely events in the Þeld regarding the number of generations of the squash bug. Because squash bugs have a long adult life span (6 Ð7 wk, excluding diapause) that includes ovipositing eggs for most of their adult life, nymphs of various ages are present during the summer and autumn (Wadley 1920 , Nechols 1987 . By applying the degree-day requirement to each date that squash bug eggs were observed, we can estimate when those eggs most likely became adults, whether those adults entered diapause, and when the adult squash bugs found in the Þeld consisted of overwintering and/or Þrst generation insects (Fig. 6) .
Squash bug eggs laid between 5 July and 16 August 2005 had enough time to develop into adults (Fig. 6) . All eggs laid after that time did not have sufÞcient degree-days remaining in the season to develop to the adult stage. Only adults that came from the 5 July eggs, however, reached reproductive maturity before the critical photoperiod for diapause induction, so this is the only weekly cohort in which most of the adults would be expected to lay eggs for a second generation. Adults from eggs laid after 5 July matured after the critical photoperiod, so less than one half of those adults would have laid eggs. According to the degreeday data, the squash bug population present in midAugust probably contained a combination of generations, suggesting that the adult peak on 23 August consisted of both overwintered adults and relatively young adults that had developed during the summer.
In 2006, only eggs laid between 20 June and 1 August had time for development into adults based on degreedays remaining in the season (Fig. 6) . Although eggs were laid after 1 August, they did not have time to complete development. Adults that developed from eggs laid between 20 June and 11 July probably did not enter diapause because they emerged before 18 August. However, degree-days for the remainder of the season were not sufÞcient for eggs laid by these adults to develop to the adult stage, so a second generation could not be completed.
Thus, our data indicate that the squash bug had a partial second generation in 2005 but only a single generation in 2006. Bauernfeind and Nechols (2005) stated that squash bugs maturing in autumn need to feed for several days to build up fat reserves for overwintering. Such feeding time was not included in our degree-dayÐ based estimates, but it would further limit the number of possible generations per year. The numbers of generations in other states have been reported. In Connecticut and Massachusetts, squash bugs have one generation (Worthley 1923 , Beard 1935 . Nechols (1987) reported 1.5 generations of squash bugs in Kansas, whereas in Oklahoma, squash bugs have 2.5Ð3.0 generations per year .
One of our objectives was to characterize the predator fauna associated with summer squash grown with plastic mulch and trickle irrigation, a common production method used by commercial growers. The most abundant ground-inhabiting predators in our pitfall samples included lycosid and linyphiid spiders, carabid and staphylinid beetles, and the hemipteran predators G. punctipes and G. uliginosus. Although ants were abundant, only Ϸ10% or less of the ants captured were predacious. Squash bug nymphs and adults spend time on the ground beneath squash plants (Britton 1919 , Palumbo et al. 1991 , so ground-dwelling predators are potentially relevant to their biological control. We found relatively few predators on squash foliage compared with the numbers reported for some crops (Pfannenstiel 1995) . Those present on squash foliage included spiders, the lady beetle C. maculata, and predatory hemipteran bugs in the families Geocoridae and Nabidae. Our sampling for predators on foliage was less intensive than our pitfall trapping for ground-dwelling predators. Nonetheless, over the 2 yr of our study combined, we quantiÞed foliage predator numbers once per month during June, July, August, and September, and those samples were taken at three times of day on each date (morning, afternoon, night). Results from those samples, coupled with our incidental observations of foliage predators during weekly sampling of squash bug life stages, indicate that predators were not abundant on the foliage of our summer squash.
Our direct Þeld observations found that G. punctipes (large nymphs and adults) fed on squash bug eggs and small nymphs, Nabis sp. adults fed on eggs and small nymphs of the squash bug, and P. fusca fed on squash bug nymphs. Rondon et al. (2003) reported that G. punctipes third instars and adults fed on squash bug Þrst instars in the laboratory. Few direct Þeld observations of predation on squash bugs have been reported other than the observation of Beard (1935) of predation by Podisus maculiventris Say, a predator that was not observed in squash Þelds during our study. Other reports of predators feeding on squash bug eggs and/or nymphs in the laboratory include the carabid species Harpalus pennsylvanicus (De Geer), Scarites spp., and Cyclotrachelus sodalis (LeConte), the lycosid spiders Hogna spp. and Pardosa spp., and C. maculata larvae and adults (Snyder and Wise 1999, Rondon et al. 2003) .
We found that the tachinid parasitoid, T. pennipes, is present in Kentucky squash Þelds and attacks both late-instar nymphs and adults of the squash bug in the Þeld. The parasitism rates reported here (20.0, 23.7, and 30.0%), may be lower than what actually occurs because squash bugs left in the Þeld could have been subject to additional parasitoid attack, whereas those brought into the laboratory for parasitoid emergence were protected from further attack. Parasitism of squash bugs caused by T. pennipes ranged from 1.3 to 92.2% in California (Pickett et al. 1996) . Worthley (1923) reported that up to 80% of overwintered squash bugs in Massachusetts had tachinid eggs glued on them. Beard (1935) reported 53.5 and 6.4% parasitism in Connecticut, and Johannsen (1957) reported Ϸ50% parasitism in Washington during 1951, 7 yr after T. pennipes had been released in that area.
The only parasitoid species to emerge from squash bug eggs in our study was G. pennsylvanicum. Schell (1943) reported parasitism rates of squash bug eggs by G. pennsylvanicum to be 23.0 and 42.0% in August 1940 and August 1941, respectively. In Kansas, augmentation of G. pennsylvanicum was used in pumpkin Þelds, but the parasitoid was not recovered from egg masses until August, 5 wk after the Þrst release (Olson et al. 1996) . Olson et al. (1996) noted that G. pennsylvanicum typically does not show up until late in the growing season, with low numbers occurring naturally in Kansas. Parasitism rates from that study ranged from 4 to 100% of squash bug egg masses during August and September (Olson et al. 1996) .
Overall, squash bug eggs seem to have a high rate of survival on summer squash in Kentucky, although the level of mortality increases as the season progresses (Fig. 5) . Predators destroyed only Ϸ2 to 7% of the eggs, regardless of the time of season, with most of that mortality caused by sucking predators. Parasitoids, when present later in the season, had a larger effect than predators (Ϸ16 to 31% parasitism). In general, it seems that squash bug egg survival is likely to be greater in early-season squash Þelds than those grown later in the season.
Our results have implications for management of squash bugs on summer squash. We found that overwintering squash bugs became active in early June and moved into summer squash Þelds soon afterward. Knowing the spring emergence time of the squash bug allows manipulation of early season planting dates to reduce damage by squash bugs. If one wishes to target harvest in June for summer squash, plants should be transplanted into the Þeld at the earliest "frost-free" date (e.g., 10 May in northcentral Kentucky). These squash plants should experience 3Ð 4 wk of squashbug-free growth before overwintering adults enter the Þeld. Based on degree-day requirements for development and the induction of reproductive diapause in mid-August, it seems that squash bugs can complete one generation and sometimes a partial second generation depending on late season temperatures in Kentucky. Our results suggest that squash grown in late summer (with harvest targeted for September) should suffer less damage from squash bugs than squash grown earlier in the season, provided that the late plantings are not near cucurbits planted earlier that season. Late season plantings would be transplanted in the Þeld in late July or early August. Although peak populations of squash bugs occur during this time, many of these individuals are nymphs (Fig.  1) , which are not as mobile as adults. Two factors should contribute to fewer squash bug nymphs on sufÞciently isolated late plantings. First, adults that ßy into these plantings after mid-August are likely to be a mixture of nondiapausing and diapausing individuals, whereas all those that enter early season planting are reproductively active. Even though diapausing adults will feed on the late squash, they will not lay eggs. Second, in both years, we saw an increase in parasitoid activity as the season progressed, particularly for the squash bugÕs egg parasitoid (Fig. 5) . Overall, our results suggest that early season summer squash should be planted as early as weather conditions permit, and that late season plantings should be as isolated as possible from earlier cucurbit plantings.
